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ABSTRACT

A bimonthly coral-based record of the postbomb radiocarbon content of Solomon Sea surface waters is
interpreted to reflect mixing of subtropical surface water and that advected in from the east by the equatorial
branch of the South Equatorial Current (SEC). Annual mean A*C has a dynamic range of nearly 175%o, with
a total range of nearly 200%.. Prebomb values average —56%. and the annual mean postbomb maxima occurs
in 1985 with a value of +117%. Interannual variability in the record reflects surface current variations in
conjunction with surface wind changes associated with ENSO. During El Nifio years the waters of the Solomon
Sea reflect a stronger influence of waters advected in from the east by the SEC and less ‘““pure” subtropical
water. This is most likely accomplished by a southward shift of the equatorward branch of the SEC during El
Nifio. There is an overall decrease in the relative proportion of eastern tropical water that is interpreted as a
decrease in the strength and intensity of the shallow circulation of the tropical Pacific during the latter portion
of the twentieth century. If validated, this secular trend bears strongly upon the rate of extratropical—tropical
recirculation and the redistribution of heat and salt within the tropical Pacific.

1. Introduction

The western tropical Pacific plays an important role
in the localization of deep atmospheric convective ac-
tivity and is a major exporter of latent and sensible heat
to both hemispheres (e.g., Peixoto and Oort 1992). On
interannual (e.g., El Nifilo—Southern Oscillation) and
longer time scales the transport of warm surface water
into and out of the western equatorial Pacific is thought
to play an important role not only in regulating the
development and termination of warm ENSO events,
but aso in global climate through atmospheric telecon-
nections. Compensation of westward flowing currents
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occurs viathe surface countercurrents, eastward flowing
undercurrents, and the Indonesian Throughflow (e.g.,
Goriou and Toole 1993). Our understanding of the in-
teraction between the overlying wind field (the obser-
vations of which have their own problems; e.g., Luther
and Harrison 1984; Clarke and Lebedev 1996) and the
shallow circulation has historically relied upon data
from ship drifts, drogues, and arelatively small number
of current meter moorings (e.g., Reverdin et al. 1994).
The paucity of data requires broad scale or coarse syn-
optic averaging and does not allow for more detailed
questions regarding interannual to decadal-scale vari-
ability. Satellite observations such as scatterometer
winds and altimeter data provide higher spatial and tem-
poral sampling (e.g., Lagerloef et al. 1999) but are rel-
egated to only the last 10—20 years. Such atime history
isinsufficient to look at longer time scale variability or
to address such questions as anthropogenic influences
on climate variability.

Subannual radiocarbon measurements of coral skel-
etal material that accurately record the A*C of 3 CO,
(e.g., Druffel 1981; Toggweiler et al. 1991; Guilderson
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et al. 1998) have added important information to water
sampling programs like Geochemical Ocean Sections
(GEOSECS; Ostlund et al. 1987) and the World Ocean
Circulation Experiment (WOCE; Key et al. 1996). Al-
though the WOCE program continues to produce sea-
water “C analysis today, there are notable limitations
to shipboard sampling, primarily the inability to con-
tinuously monitor ocean conditions. For *4C in the deep
ocean, this is not a problem because the transport is
relatively slow and the gradients are relatively low. For
the surface ocean, where *C gradients are highest and
transport israpid, it has been demonstrated that temporal
variability isof the same order as spatial variability (e.g.,
Guilderson et a. 1998), an observation which islost in
discrete analyses like GEOSECS or WOCE whose
‘“snapshots’ of bomb-radiocarbon are integrations of
~20 and ~40 years (respectively) of ocean dynamics.
Atmospheric nuclear weapons testing in the late 1950s
and early 1960s resulted in an excess of **C in the at-
mosphere and, as this signature has penetrated the
ocean, it has augmented the natural gradient between
the surface and deeper waters. Over the time frame of
interest radioactive decay is negligible. Isotopic equil-
ibration with the atmosphere is on the order of a decade
(Broecker and Peng 1982). Thus, A**C is a quasi-con-
servative, passive advective tracer, and time series such
as those derived from archives, such as hermatypic cor-
als, can augment historical, conventional (temperature,
salinity) observations especially in times and regions
where observations are sparse. Corals act like strip-re-
corders continuously recording the radiocarbon content
of the waters in which they live and thus it is possible
to use records derived from these biogenic archives to
study ocean mixing (Guilderson et al. 1998; Druffel and
Griffin 1999) and vertical exchange processes (Guild-
erson and Schrag 1998; Guilderson et al. 2000b).

Coral-based radiocarbon time series can be used not
only to study oceanic processes, but also as adiagnostic
tracer to test ocean circulation models (Guilderson et
al. 2000a; Rodgers et a. 2000, among others). The
bomb-radiocarbon acts as a natural perturbation exper-
iment where the comparison of model results with ob-
servations of radiocarbon and other tracers is an effec-
tive way to identify problems or deficienciesin the mod-
el, and ultimately leads to improve modeling skill. The
objective of this study is to examine the surface water
radiocarbon variability in the southwest tropical Pacific
as recorded in a hermatypic coral in the Solomon Sea
in the context of understanding the lateral mixing that
occurs in the western Pacific.

2. Site location

Guadalcanal (nominal location 9°S, 160°E) is located
within the Solomon Island archipelago in the southwest
tropical Pacific. The archipelago and Papua New Guinea
to the north extend from the equator to ~10°S and pro-
vide the first physical barrier to westward flowing trans-

JOURNAL OF CLIMATE

VoLuMmE 17

pacific currents. Clear seasonal cycles are observed in
the zonal and meridional local wind field with the mean
wind being from the southeast quarter (DaSilva et al.
1994a). These southeast trade winds drive the off-equa-
tor branch (0-6°S) of the South Equatorial Current
(SEC) that brings waters to the eastern side of the Sol-
omon archipelago where it bends northward feeding
both the central portion of the warm pool and southward
into the South Equatorial Countercurrent (SECC; Fig.
1). At 165°E, eastward flowing waters of the SECC can
be found between 6° and 11°S with maximum velocities
between 8° and 9°S (Gouriou and Toole 1993). The
position and intensity of this current varies seasonally
in concert with the north—south migration of the South
Pacific convergence zone (Gouriou and Toole 1993).
Surface waters and currents inboard of the archipelago
within the Solomon Sea (bounded to the west by Aus-
tralia) are also dominated by the SEC influence. A sec-
ond branch of the SEC feedsinto the Coral and Solomon
Seas through an extensive gap (approximately 11°—
14°S) between the southernmost island of San Cristobal
and the Banks I slands north of Vanuatu with some phys-
ical interference probably provided by the Santa Cruz
Islands (see, e.g., Gouriou and Toole 1993; Reverdin et
al. 1994). This current sweeps surface water of sub-
tropical origin into the western Pacific.

Mean annual sea surface temperatures are ~29°C
with only 1°-2°C seasonal variability (Levitusand Boy-
er 1994; Reynolds and Smith 1994). Mean annual sa-
linity averages 34.6 psu with a seasonal range less than
1%o (Levitus and Boyer 1994). The salinity and SST
seasonal cycles are antiphased such that highest SSTs
coincide with lowest salinities. This is a consequence
of the correspondence of high SSTs and high precipi-
tation being generally in phase (Fig. 2). Cumulative
precipitation as recorded at Honiara [National Oceanic
and Atmospheric Administration (NOAA) Globa His-
torical Climatology Network (GHCN) station 9152000]
isin excess of 2 m yr-* with a clear wet—dry season
differentiation. A climatological precipitation maximum
of ~315 mm occurs in March (wet season: Dec—Apr)
and a minima of ~83 mm in June (dry season: Jun—
Sep). The average mixed layer depth in the Solomon
Sea as defined by a 0.125 kg m~2 density contrast, is
~30 m with a seasonal range on the order of 10 m
(Lukas and Lindstrom 1991; Monterey and Levitus
1997). On the other hand, using the 0.5°C criteriayields
a mean on the order of 50 m with 20-m seasonal var-
iability. The difference between the two is due to the
impact of the high precipitation and lower salinity on
the vertical density structure such that, although there
is arelatively deep isothermal layer, the salinity differ-
ence results in some density stratification.

3. Analytical methods

A large (2.26 m) Porites australiensis coral head |o-
cated off the southwestern side of Guadalcanal Island
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Fic. 1. () General surface circulation of the tropical Pacific based on current meter moorings
and drifter data (after Reverdin et al. 1994) and coral |ocations discussed in the text. (b) Simplified
surface circulation in the southwest tropical Pacific as described in the text, location of the Tambea
(Guadalcanal) coral is designated with an X. Major surface currents influencing the region are
the South Equatorial Current (SEC), South Equatorial Countercurrent (SECC), and the East Aus-
tralian Current (EAC). Guadalcana and the Solmon Sea are under the influence of the South
Pacific convergence zone (SPCZ). Contour lines are daily precipitation (mm day —*) derived from
the Special Sensor Microwave Imager (SSM/I) passive microwave satellite measurements (Waliser
and Gautier 1993) and demark the mean position of the SPCZ, the Indonesian low, and the
intertropical convergence zone (north of the eguator).

near Tambea Resort was drilled in July 1995. The cores
(7.6 cm diameter) were cut into ~1 cm slabs, cleaned
in distilled water, and air dried. No regions were infil-
trated with boring filamentous algae or other organisms.
After identifying the major vertical growth axis, the
coral was sequentially sampled at 2-mm incrementswith
alow-speed drill. Splits (~1 mg) were reacted in vacuo
in a modified autocarbonate device at 90°C and the pu-
rified CO, analyzed on a gas source stable isotope ratio
mass spectrometer. Analytical precision based on anin-
house standard is better than =0.05%0 (10) for both
oxygen and carbon relative to the Vienna Pee Dee Bel-
emnite (Coplen 1995).

Coral chronology has historically relied upon the
presence of annual high- and low-density band couplets
(e.g., Dodge and Vaisnys 1980 and references therein)
or the seasonal variability in coral 6**C, which reflects
surface irradiance (e.g., Fairbanks and Dodge 1979;

Shen et al. 1992). Independent chronologies based on
these two methods on the same coral specimen tend to
agree within afew to six months (e.g., Shen et al. 1992;
Guilderson and Schrag 1999). Such an age model is not
adeqguate for high-resolution A*“C records where one of
the ultimate goalsisto compare the observed time series
and those simulated in high-resolution ocean models
(e.g., Rodgers et al. 2000). We created a preliminary
age model based upon the seasonal structure within the
6%C record but in order to obtain the best time scale,
and because we are not interested in the coral 6**O as
an independent measure of precipitation or temperature,
we have refined our age model by correcting the pre-
liminary age model through coral 6'*O comparisons
with instrumental records. To achieve this, we took our
preliminary age model and filtered the 6O record to
extract the annual component. The filtered record was
then optimized by aligning the peaks and troughs re-
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Solomon Sea SST and Honiara Precipitation Time-Series
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Fic. 2. Local instrumental data for Guadalcanal and the Solomon Sea. Monthly sea surface
temperature (SST) datais a combination of the |GOSS satellite~ship of opportunity blended dataset
(Reynolds and Smith 1984) and the Kaplan et al. (1998) reconstructed SST field for the grid box
in the Solomon Sea containing Guadalcanal. Precipitation (dashed line) is from Honiara (NOAA
GHCN station 9152000). Note that the seasonal cycle of each isin phase; highest SSTs correspond

to higher times of higher rainfall.

flecting seasonal sea surface temperature and precipi-
tation variations to instrumental records. We used a
combination of the Integrated Global Ocean Station Sys-
tem (IGOSS; Reynolds and Smith 1994) blended sat-
ellite—ship of opportunity sea surfacetemperaturerecord
(1982-96) and that of the Kaplan et a. (1998) recon-
structed SST (1850-1982) for the equivalent grid box
containing the Tambea coral and the precipitation record
from Honiara, which is nearly continuous from 1951—
94, Between the tie-points refl ecting seasonal maximum
and minimum temperatures (and precipitation), the re-
fined or tuned age model (r = 0.84 vs SST record) has
an estimated error of =1.5 month (Fig. 3). Over the

upper 1 m of the coral the refined age model varied by
less than 5% from the original 6**C-only age model.
The remaining sample splits (nominally 10 mg) from
the upper 910 mm of the coral (corresponding interval
1942.65-1995.25) were placed in individua reaction
chambers, evacuated, heated, and then acidified with
orthophosphoric acid at 90°C. The evolved CO, was
purified, trapped, and converted to graphite in the pres-
ence of a cobalt catalyst in individual reactors (Vogel
et al. 1987). Graphite targets were measured at the Cen-
ter for Accelerator Mass Spectrometry, Lawrence Liv-
ermore National Laboratory (Davis et a. 1990). Radio-
carbon results are reported as age-corrected A**C (%o)

T2 Optimized 8!80 and Solomon Sea SST

8180 Annual Filtered Component

juouoduwo)) pasd)[L] LSS BOS UOWO[OS

1940 1960

1980 1990

—— Filtered 5180
Filtered SST

Fic. 3. Optimized coral 880 (solid line) and the instrumental sea surface temperature (dotted
line) record (r? = 0.71 of the raw aligned data; r2 = 0.75 of the filtered components).
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FiG. 4. Solomon Sea surface water AC (%o) as recorded in the Tambeacoral. Individual (average
1.5-month sample resolution) values span a range from alow of —72%o to a high of 132%.. Mean
annual values range from —63%o (1952) to 117%o (1985). For comparison we have also plotted
results from Nauru (0.5°S, 166°E; Guilderson et al. 1998); Rarotonga (20°S, 160°W; Guilderson
et al. 2000b), and the Galapagos (Urvina Bay; Guilderson and Schrag 1998), and Wenman (T. P
Guilderson and D. P Schrag 2000, unpublished manuscript). In a simple sense, the waters of the
Solomon Sea reflect mixing of subtropical waters (Rarotonga) brought in from the southernmost
branch of the SEC with water from the equatorward branch of the SEC whose origins lie in the
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eastern Pacific (Galapagos).

as defined by Stuiver and Polach (1977) and include the
6%C correction obtained from the stable isotope results
and a background subtraction determined on “*C-free
calcite. Analytical precision and accuracy of the radio-
carbon measurementsis =4-5%o (1o) asmonitored with
an in-house homogenized coral standard and officially
distributed secondary and tertiary radiocarbon stan-
dards.

4. Results

The surface water A**C history as recorded in the
Tambea coral is presented in Fig. 4 and over the length
of the time series (1942.65-1995.25) has a dynamic
range of ~200%. from a low of —72%. to a high of
132%0. Mean annual prebomb (1943-57) values are
—56%o, similar to the values documented in acoral from
Nauru Island ~9° to the north (0.5°S, 166°E; Guilderson
et al. 1998). Over this 14-yr interval there is a linear
decrease of nearly 1%o yr—* (—0.9%o yr—1, r2 = 0.62).
There is no seasonal cycle in A*C during the prebomb
period. Values are similar in 1957 and 1958 (—57%o)
and by 1962 rose to —32%.. The largest single year
increase occurred between 1962 and 1963 when values
increased by 25%. to —7%o.. Except for 1969, where a
slight (—3%o) decrease occurred, mean annual values
continue to rise and by the early to mid-1970s reach
100%o. Like the record from Nauru, the postbomb peak
occurs in the early 1980s. mean annual values peak in

1985 at 117%. The highest single value observed in the
record of 132%o. also occurs in this year (1985.73). Be-
tween 1990 and 1993 mean annual values are nearly
constant (~104%.) but in 1994 decrease to 90%.; 10—
20%0 seasonal to interannual variability persists
throughout the length of the record.

5. Discussion

Mean annual values decrease nearly 1%. yr—* over
the 14 years immediately prior to the ““bomb era.”” Al-
though this trend is consistent with the transfer of *C-
free fossil fuel CO, into the ocean, the amplitude is
much larger than previously documented or estimated
in surface waters via simple one-dimensional modeling
(e.g., Quay and Stuiver 1981; Druffel and Suess 1983).
The length of the prebomb time series is insufficient to
determine if the observed trend is biased by ocean dy-
namic variability. Low frequency or decadal variations
in the shallow circulation of the Pacific influences the
mixing of low *C subthermocline water with that of the
mixed layer (Guilderson and Schrag 1998) and vari-
ability in the eastern Pacific could account for a portion
of this signal.

The postbomb A™C response of surface watersis di-
rectly related to the atmospheric forcing function of air—
sea exchange (vis-a-visequilibration kinetics) and ocean
dynamics. The A*C as measured in air samples from
Wellington, New Zealand (Manning and Melhuish
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Solomon Sea Al4C Spectral Character
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FiG. 5. Solomon Sea A*C and the Nifio-3 sea surface temperature records after Gaussian
bandpass filtering at a central frequency of 0.25 + 0.125 (2.6-8-yr window).

1994) shows an initial rise from ~—6%. in 1955 to
~+33%0 in 1956 and 1957 and by 1959 values had
risen to nearly +145%.. The atmospheric postbomb
peak as recorded at Wellington occurred in 1965
(~+690). The Tambea A*C record does not begin to
rise significantly until late 1959 and reaches near-peak
values (~104%o) in the early 1970s. Mean annual values
remain relatively constant (£10%o) until the early 1990s
with an annual maximum in 1985 of 117%o.. The shape
of the coral-based postbomb A*“C curve reflects the fact
that waters of the Solomon Sea are predominantly of
subtropical origin: subtropical (gyre) waters are rela-
tively stable with high air—sea exchange rates and un-
dergo comparatively less mixing with older subsurface
waters, thus their A**C content approaches equilibrium
“faster’” than other locations (e.g., Broecker and Peng
1982; Guilderson et al. 2000a). Superimposed upon the
longer-term ‘“ bomb-transient’” reflecting the uptake and
redistribution of bomb-*4C are higher-frequency varia-
tions due to ocean dynamics.

The surface water radiocarbon history in the Tambea
record reflects both near- and far-field circul ation effects
on seasonal to interannual time scales. On interannual
time scales the record reflects the large-scale redistri-
bution of surface waters during El Nifio-Southern Os-
cillation and changes associated with the position of the
South Pacific convergence zone. In the prebomb interval
when surface A*C gradients are smaller than in the
postbomb, we may not expect to be ableto resolve subtle
variations in A¥“C associated with the weak El Nifio
events of the 1950s. Future datasets from additional
locations may allow us to place the prebomb A*C var-
iability in a better dynamic framework. We therefore
focus our discussion on the postbomb interval when we
are able to take full advantage of alarge dynamic range
in oceanic A*C. Comparison of a band-pass filtered
version of this coral A**C record with the canonica
Nifio-3 (5°S-5°N, 150°-90°W) sea surface temperature
anomaly ENSO indicator (Fig. 5) implieslittleto no lag
between the overlying wind field and the response of
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FSU zonal wind stress (dotted line: Legler and O’ Brien 1988). We have a so plotted the equivalent
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A¥C-derived mixing model results for the Lamont ocean general circulation model (LOAM).

the transpacific surface ocean circulation. In general
during the postbomb interval A*“C values are low when
ENSO isin its warm phase (El Nifo), and the converse
is also true. There are some slight mismatches with the
phasing, which we interpret to be the result of subtle
differences in the physical manifestation of individual
ENSO events; although in general each El Nifio is sim-
ilar, no event is exactly the same. Druffel and Griffin
(1999) using *“C data from Great Barrier Reef corals
noted a similar correspondence of their record in con-
junction with ENSO events. In the prebomb portion of
the record and as a consequence of the weak A*C gra-
dient the sense of the relationship is less regular. Ex-
amination of ocean color images [from the Coastal Zone
Color Scanner (CZCS)] in conjunction with historical
hydrographic data (e.g., Lukas and Lindstrom 1991;
Monterey and Levitus 1997) implies that in a clima-
tological sense thereisnot alarge amount of upwelling
or vertical exchange in the Solomon Sea. High-quality
SeaWifs data during the 1997-98 EI Nifio—La Nifia cy-
cle is consistent with the climatological picture (Mur-
tugudde et al. 1999). We therefore interpret the Tambea
14C time series to primarily reflect lateral advection and
mixing of surface waters from the subtropics and the
eastern tropical Pacific.

One of the underlying reasons to embark upon re-
constructing detailed A*#C surface water time histories
is to take advantage of A™C as a quasi-conservative
water parcel tracer. In avery simplified view, whereby
the Solomon Sea A**C is dominated by lateral advection
processes, we can make a rough estimate of the relative
proportion of tropical and extra-tropical surface water.
We present the **C time series from Tambeawith similar
resolution results from Nauru in the center of the west-
erntropical Pacific warm pool (0.5°S, 166°E; Guilderson
et al. 1998), Rarotonga in the subtropics (20°S, 160°W,
Guilderson et al. 2000b), and the Galapagos I slands (0°,
90°W, Druffel 1981; Guilderson and Schrag 1998; T. P

Guilderson and D. P Schrag 2000, unpublished man-
uscript). Prebomb values, over the time frame common
to al records (1950-57), at Rarotonga are —52%o
whereas values at Nauru are —58%. and those from
Tambea are —59%o (Fig. 4). The SEC advects recently
upwelled subthermocline (lower **C) water from the up-
welling regions of the eastern and central tropical Pacific
across the expanse of the Pacific, which results in the
lower A*C observed at Nauru (Guilderson et al. 1998)
and in the Tambea (Guadalcanal) record. If we assume
a simpl e two-end-member mixing model between south-
ern subtropical (as reflected by the Rarotonga record)
and eastern tropical water (i.e., Equatorial Undercurrent
water in a base sense as reflected in the Galapagos re-
cord), the Solomon Sea contains 35%—40% eastern Pa-
cific water. By using a surface record from the eastern
Pacific low frequency variationsin tropical thermocline
dynamics, particularly the amount of entrainment of
deeper less-ventilated water (see, e.g., Guilderson and
Schrag 1998) are automatically accounted for. Although
simplistic, such an estimate cannot be made utilizing
temperature and salinity; neither of these properties is
conservative in surface waters. Complications to this
simplistic mixing approach come from entrainment/de-
entrainment (laterally and vertically) of the end-member
water masses from their respective *‘source regions’
and variable mixing of more than two low A*“C end-
member water masses. Thus our value is an upper es-
timate. We have applied this simple two-end-member
mixing approach over the length of the respective coral-
14C records.

The corresponding ‘‘deconvolved” time series rein-
forces the interannual redistribution of Pacific surface
waters due to ENSO (Fig. 6) with higher amounts of
“eastern Pacific’” water during the warm phase of
ENSO. Quantitatively similar results as well as phasing
with respect to the tropical wind field are obtained if
one lags the Rarotonga and Galapagos time series prior
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to performing the end-member mixing calculation to
account for reasonable current velocities and transit
times from the respective point sources (Reverdin et al.
1994; Johnson 2001). The rapid rise of atmospheric
AC in the early 1960s precludes a strict interpretation
of the mixing results during these few years when air—
sea exchange dominates the surface water signal: due
to higher air—sea gas exchange subtropical waters are
more ‘“‘efficiently” tagged with bomb radiocarbon and
thus enhances the apparent importance of low *C water
from the eastern tropical Pacific. It isour belief that the
observation of apparently reduced SEC water during
1962—-64 is an artifact of this process. Similarly efficient
‘““tagging”’ of subtropical surface watersis observed in
ocean circulation model studies using *“C as a passive
advective tracer (Rodgers et al. 2000; Guilderson et al.
2000a, among others).

It is perhaps too simple to resolve tropical Pacific
dynamic variability in the context to a two-end-member
mixing model and strictly relate all of the observed
variability to ENSO. We are encouraged by the reason-
ably good visual correlation between our estimate of
water mass mixing and ENSO but we al so acknowledge
that ENSO dynamics are not a panacea to explain all
of the AC variability. Slight offsets between the Nifio-
3 SST and the fraction of eastern equatorial Pacific water
in the Solomon Sea could be the result of ““inter-ENSO”
variability—whereby no El Nifio event is exactly the
same with respect to the absolute strength and intensity
of the SEC and, of equal importance, could bevariability
as aresult of aslight decoupling between the SPCZ and
ENSO.

Repeat hydrographic sections at 137°E have docu-
mented a ~25% increase in the transport of the North
Equatorial Current (NEC) and North Equatorial Coun-
tercurrent (NECC) between EI Nifio and non-El Nifio
years (Qiu and Joyce 1992). Unfortunately, such esti-
mates do not exist for the equivalent repeat section to
the east of the Solomons at 165°E (Gouriou and Toole
1993). During the warm phase of ENSO, the equatorial
trade winds slacken (and/or reverse) and as a conse-
guence, water that has normally been trapped in the
warm pool of the western equatorial Pacific ‘“flows”
down the geopotential gradient to the east. Using sat-
ellite-derived surface topography and wind stress mea-
surements Lagerloef et al. (1999) estimated near-surface
currents during the 1997-98 EI Nifio event. They doc-
umented the complete reversal of the equatorial current
with eastward flow on the order of 50 cm s~. Moreover,
they observed a southward migration and intensification
of the SEC in the westernmost portion of the Pacific in
the spring of 1997 during the El Nifio event. Our es-
timate of ** eastern tropical’’ water is consistent with the
southward migration and intensification of the SEC dur-
ing the warm phase of ENSO. A similar conclusion was
made by Druffel and Griffin (1995, 1999) where they
observed decreased A¥C in surface waters along the
Great Barrier Reef during El Nifio events.
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Comparison of the Tambea coral A*C record with
that from Nauru implies that in a very simple sense
during the warm phase of ENSO there is not a corre-
sponding redistribution of waters from the central por-
tion of the western Pacific *‘warm pool” to the south:
the Nauru coral A*C is always higher than that of Tam-
bea reflecting an increased influence of waters from the
Northern Hemisphere (cf. Guilderson et a. 1998). This
is an interesting observation because Nauru is within a
half of a degree of the equator, and one would perhaps
expect that its A*C be lower due to subsequent advec-
tion of recently upwelled water along the equator. This
observation reinforces the inference of asymmetry in
the transport of waters from the eastern and central Pa-
cific into the western Pacific: there is much transport
south of the equator. The solution of the two-end-mem-
ber mixing model indicates an overall decrease in the
fraction of low-A*C ‘“eastern equatorial Pacific’ water
in the Solomon Sea. This observation may reflect an
overall secular decrease in the intensity of upwelling in
the eastern/central Pacific and the overall rate of tropical
Pacific thermocline ventilation. We see a change in the
upwelling season A**C and sea surface temperature at
the Galapagos when post-1976 there was less entrain-
ment of deeper colder, low-*C water (Guilderson and
Schrag 1998). However, our estimate of the fraction of
eastern equatorial Pacific water accounts for this change
since it is based on the surface expression of this phys-
ical process. If the interpretation of our observations
and those of Lagerloef et al. (1999) are indeed accurate,
the increase in the intensity and frequency of El Nifio
events over the last 20 years would increase the influ-
ence of the equatorward branch of the SEC on the Sol-
omon Sea, and the A**C values should be more similar
to those of the eastern Pacific. This is not what we
observe, where we calculate a decrease in the influence
of low “C water from the eastern equatorial Pacific over
the latter stages of the twentieth century.

The surface A*C variations that we have documented
reflect not only the interannual variability but also the
gross overturning of the shallow tropical Pacific cir-
culation and tropical Pacific thermocline ventilation
(Wyrtki and Kilonsky 1984; Toggweiler et al. 1991).
As documented by Toggweiler et al. (1991) and Guild-
erson and Schrag (1998), the water masses involved in
the ventilation of thetropical Pacific thermocline extend
to at least 10°C and large volumes of water areinvolved
(Wyrtki and Kilonsky 1984). The surface expression of
the variability in temperature is masked by constant air—
sea exchange making it problematic to reconstruct the
circulation from records of sea surface temperature. Sur-
face variations in A*C are not reset due to the isotopic
equilibriation time between the ocean and atmosphere
(~10 yr). The records that we present here imply that
there has been an overall reduction in the overall turn-
over of the tropical Pacific thermocline. This interpre-
tation is supported by the recent work of McPhaden and
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Zhang (2002) who reached a similar conclusion using
historical hydrographic profiles.

Detailed data—model comparisons using coupled
ocean models with sufficient resolution that accurately
portray equatorial Pacific dynamics will be necessary
to further confirm this observation. Current ocean mod-
els have systematic errorsthat do not allow for a precise
comparison using **C. In the upwelling region of the
eastern equatorial Pacific most ocean models upwell wa-
ter from too deep a depth, yielding not only a cold bias
to sea surface temperatures but also an inaccurate A*“C
time history (e.g., Rodgers et al. 1999; Guilderson et
al. 2000a). Insufficient vertical mixing in the subtropics,
presumably poor parameterization of winter storm
events, resultsina‘‘ pile-up” of bomb *C in the surface
mixed layer—peak values occur too soon and values
are too high (e.g., Rodgers et al. 1999; Guilderson et
al. 2000a). A similar end-member mixing analyses of
results for the grid boxes equivalent to the coral loca-
tions generated in the Lamont high-resolution ocean
general circulation forced with observed winds and a
fixed Indonesian Throughflow transport (Rodgers et al.
1999) does indeed exhibit a secular decrease in the pro-
portion of eastern equatorial Pacific water in the Sol-
omon Sea. The fact that the model recreates the ob-
served secular trend could perhaps be afortuitous result
but we think that it is more likely the result of forcing
the high-resolution model with the observed wind field.
The modeled secular trend reinforces the tight coupling
between the atmosphere and the wind-driven portion of
the ocean. The model does a reasonably good job of
the lateral redistribution of surface waters and hence the
overall simulated tracer field. However, the interannual
variability is counter to that which we observe. Thisis
in large part, due to the problems and difficulty of ac-
curately recreating the dynamics and the A**C of the
eastern equatorial Pacific and winter mixing in sub-
tropical gyres (cf. Fig. 13 in Rodgers et al. 1999).

6. Conclusions

We have reconstructed the surface water radiocarbon
history of the Solomon Sea as recorded in a hermatypic
coral recovered off Guadalcanal. Over the interval
1943-57 the mean annual value is —56%o with a linear
decrease of nearly 1%o yr—*. Although consistent with
the Suess effect, the record is too short to ascertain how
much of the trend is influenced by interannual to de-
cadal-scale ocean dynamic variability. The postbomb
maximum occurs in 1985 with a value of 117%.. Inter-
annual variability in the record reflects the distribution
of water masses associated with ENSO.

A simple mixing model between southern subtropical
and eastern tropical water is constructed that indicates
during El Nifio events there is more water of eastern
Pacific origin in the Solomon Sea. This is most easily
accomplished by a southward migration of the equa-
torial branch of the SEC during the warm phase of
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ENSO, an interpretation corroborated by satellite ob-
servations during the 1997—98 ENSO. Thereisasecular
trend in the mixing model results, which imply that the
intensity of the shallow overturning cell of the tropical
Pacific has decreased over the last ~20 years.
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